For protective structures, concrete is the commonly used material. These protective structures are usually exposed to a dynamic loading rather than static loading which arises from either explosions or penetration of projectiles. Military protective structures can also be exposed to both cases which can caused by military weapons. Traditionally, for prediction of the depth of penetration and crater size from projectiles, empirical relationships are used as discussed in TM5-1300 [6]. This paper presents numerical and experimental simulations of concrete penetration by 23mm steel projectiles with a velocity of 969 m/s and a comparison between the results and existing experimental investigations. The analysis is executed with AUTODYN [8]. To learn more about the structural behavior of concrete subjected to severe loading and to gain confidence in AUTODYN which is a powerful tool utilizing advanced non-linear FE analysis; this paper describes the methods used to validate ANSYS-AUTODYN capabilities and presents the results of the validation for a concrete model. The calculation is achieved using the empirical relationship from TM5-1300 and these data are compared to the obtained data from AUTODYN and the physical experiment.
for the maximum penetration into a massive concrete slab by an armor-piercing fragment has been obtained as follows:
X f = 4.0 x 10 -6 KND d 1.2 vs 1.8 + d for X f > 2d (1) and K = 12.91/ (f'c) 1/2 (2) Where:
X f = penetration distance by armor-piercing steel fragments "inch" K = penetrability constant N = nose shape factor as defined in Figure ICCAE-8 Conference, 25-27 May, 2010 SA 9 4 blunt-nose steel penetrator 23 mm diameters and 64 mm length as shown in Figure 5 and 6 which illustrate the dimension and details of the penetrator, the material prosperities of the penetrator are listed in Table (1) . The impact velocity was measured and reported for every shot with electro-optical velocity measurement device which is connected with computer as shown in Figures 8 and  9 (it was 969 m/sec). The illustrated test model in Figure 10 is formed of four concrete blocks with the dimension of (0.6m×0.6m×1.0m). The model boundary condition was simply supported on the ground and the models back side is fixed. The target model is formed of plain concrete.
Experimental Test Result
The 23 mm projectile impacted the concrete model which consists of two concrete blocks and has perforated from the first block then, it penetrated into the second block for a distance of 0.072m. The total penetration depth of the projectile into the model is 0.372m.
Numerical analysis: 4.3.1. Description of finite element model
The finite element program AUTODYN was used to create finite element model for the previous experimental model. This was to simulate the penetration process of projectiles into the concrete model. The material or component is discredited into forming cells or meshes. Each mesh interacts with another one by defined strength model for each material that has an equation of state. The line of interaction between materials is defined; time step is determined in order to satisfy the stability condition for the problem. Finally, a matrix of unknowns is solved for non-linear system indicating each effect of stresses on the whole materials.
Material Description 4.3.2.1. Projectile Material
The material model used to simulate the projectile in the model is (STEEL 4340) which was chosen from the AUTODYN library. The equation of state is linear equation of state, and the strength model is Johnson Cook strength model, whereas the failure model was (None) and the erosion model was selected to be Instantaneous geometrical strain. The data defines of the penetrator material in the hydrocode were chosen from the library and modified, according to used material listed in Table ( 2). Table ( 3).
Geometry and Mesh Description
Lagrange processor has been used in AUTODYN for the analyses. In this paper, the considered target panel was plain concrete. Projectile and the concrete target are modeled as Lagrangian meshes in the model. All parts were symmetric on X=0 and Y=0 planes to reduce the size of the computational domain. The geometry of the projectile part is defined in the model using a structural Lagrangian mesh. Due to the symmetric conditions, the projectile geometry, which is 23 mm diameter and 64 mm length is modeled as a 1/4 cylinder, it was divided to nodes in the I, j , k-directions. This IJK-index is known as a Cartesian co-ordinate system. The projectile part filled material is (STEEL 4340) Figure 7 , shows the geometry and mesh description for the projectile part. For plain concrete model, concrete material (Conc.35MPa) is defined using a structural Lagrangian mesh. Due to the symmetric conditions, the geometry of the model is modeled as 1/4 box and filled with it Figure 12 shows the geometry of model.
Numerical Test Result
From the result we found that the penetration of the projectile is almost 34.41 cm as the projectile velocity approaches to zero.
Result Analysis:
The penetration depth of the projectile into the model is shown in Figure 13 and 14 which present the projectile penetration depth time history for the model. Analysis with AUTODYNE for the concrete target was made by using the RHT model.
The 23 mm projectile stroking velocity with the concrete model is 969 m/s. For this experiment, the Lagrangian method was used for the numerical analyses. The model and the projectile were meshed into nodes and elements to produce accurate results.
The results gained from AUTODYNE program represented that the 23mm projectile penetrated the concrete model for a distance of 0.38 m as illustrated in Figure 13 before the Z-velocity as well as the Z-force decline to reaches zero ( Figure  14 and 15). The maximum depth of penetration was 34.41 cm, then the projectile stop and reflected with negative velocity as shown in Figure 13 .
Conclusion
From the previous study, the following conclusions can be drawn out: 1. The AUTODYNE code satisfactory simulates the penetration experimental tests. 2. The response of concrete panel under the penetration load can be simulated using ANSYS software, it has the advantage, and thus it has higher analysis precision, compared to the common analysis. 3. The penetration distance of a projectile is being affected by many parameters such as nose shape factor because the penetration of projectile into targets involves complex mechanical interactions were AUTODYN has proven its efficiency in dealing with it. 4. Due to the time consuming and the expensive cost of experimental work, AUTODYN software can be used successfully as an alternative means to study different parameters that can affect the behavior of different sandwich panels with suppressive cores.
References
[1] "ANSYS Theory Reference", ANSYS, Inc., 1997. 
